The structure of a purple water-soluble pigment from the marine bryozoan, Bugula neritina, has been studied for more than 100 years, but is still entirely unknown. The compound is presumably the first marine natural product to be studied in detail and the first papers to be registered in the literature originate from Brazil.
In an authoritative review [1] , Brazilian researchers describe the Brazilian scene for marine natural products studies in "Research and Rewards of Research in Marine Natural Products Chemistry in Brazil." They state "The first report on the chemistry of a marine organism from a Brazilian coastline dealt with the isolation of cholesterol from the sea urchin Echinometra lucunter in 1963." This is by far too modest, because already in 1948, Gilberto Guimarães Villela described the isolation and chemistry of a purple pigment from the marine bryozoan Bugula neritina collected from Brazilian waters [2] [3] . The actual site of collection was in the bay of Rio de Janeiro near the Hydrobiological Station of the famous Oswaldo Cruz Institute. The structure of this pigment, later christened "Bugula purple", was not determined by Villela and it has resisted structure elucidation until today. Based on his studies, Villela believed that the structure could be comparable to the "adenochrome" of the octopus branchial hearts, the structure of which was also unknown at that time.
The initial isolation of the pigment must have been much earlier than apparent from Villela's 1948 paper [2] since Otto von Fürth, in his book on invertebrate chemistry from 1903 [4] , referred to the pigment (although the name of the bryozoan was slightly misspelled as neritana). He even gave a series of physical parameters for the product [5] ; however, he did not mention any reference to the origin of the data.
In the book by von Fürth [4] the pigment is described as a water and glycerol-soluble component, insoluble in alcohol, ether, chloroform, carbon disulfide etc. It is very sensitive to light and is decolorized by hydrogen sulfide, chlorine and hydrogen peroxide. It is stable in boiling water and it is an acid-base indicator, where the color changes to blue-violet in ammonia as well as in hydrochloric acid.
Villela [2] reported that the pigment exhibits an UV maximum at 545 mμ (in contrast to that of 505 mμ reported for adenochrome from the branchial hearts of the common octopus [6] ). He also found that the purple pigment could be isolated by extraction of the fresh animal colonies by boiling water followed by defatting the aqueous phase with light petroleum and precipitation with KOH (pH 10). The pigment was redissolved in 10% acetic acid and after dilution with water reprecipitated with KOH. After washing with EtOH and ether and drying at 37 0 C the yield was 21 mg from 30 g of wet animals. The product was a powder that had no melting point. At pH 6.8 the pigment exhibited a sharp absorption at 545 mμ in water. Titration of an aqueous solution showed the product to be totally precipitated at pH 11.1 and redissolved at pH 9.2. It also precipitated at pH 2.0. From pH 2.4 to pH 11.0 the color changed from bluepurple over purple, red wine to red, purple and finally purple blue. The pigment was soluble in water, very soluble in alkaline solution, but insoluble in common organic solvents. From an aqueous extract the NPC Natural Product Communications 2007 Vol. 2 No. 6 711 -712 pigment was precipitated by addition of 10 volumes of acetone. Treatment with concentrated alkali resulted in bubbles, which reacted with Nessler's reagent. Reduction with either sodium hydrosulfite or Zn dust resulted in rapid decoloration, as did oxidation with either potassium permanganate or hydrogen peroxide. In the two latter cases the coloration could be partially restored with sodium hydrosulfite. The ninhydrin test was positive and the biuret (test for proteins), xanthoproteic (test for proteins with aromatic groups), murexide test for purines and the Salkowski test for indoles were all negative.
Samples of Bugula purple were obtained from a collection of B. neritina from pontons in Yacht Harbor, Okinawa in March 31, 1984. After extensive defatting (n-hexane followed by methanol) of the lyophilized colonies, the purple compound mixed with sea salt was secured from a lyophilized aqueous extract. Elemental combustion analysis gave C, 16.59; H, 3.57; N, 3.83 and S, 3.89%. There was a rust-red combustion residue of 41.75% with 13.65% Cl. A duplicate microanalysis with divanadium pentoxide added gave S, 8.86% attesting to the presence of sulfur in higher oxidation states. The spectral characteristics supported the findings of Villela and in addition revealed UV absorption (H 2 O, pH 10) at λ max 215, 270 and 331 nm. IR spectroscopy (KBr) showed strong bands at 3410, 1640, 1425, 1140 and 615 cm -1 . Unfortunately, the NMR spectra in D 2 O were uninformative due to extreme linebroadening resulting, at least in part, from the salt. The red residue from the combustion is indicative of the presence of iron and we believe that the poor NMR results are mainly consequences of paramagnetic iron content.
There is at present no evidence that Bugula purple contains histidine thiol fragments, like adenochrome, which itself is only incompletely structurally characterized [7] . Interestingly enough, adenochrome is a mixture of Fe(III)-binding peptides and in this respect may be related to Bugula purple in accordance with Villela's original suspicion. Apart from the scientific interest in Bugula purple, the recently proposed utilization of adenochrome in iron chelation therapy [8] also adds new importance to the solution of this early problem in marine natural products research.
